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(54) LASER ANNEALING METHOD 

(57) Abstract : 

PROBLEM TO BE SOLVED: To obtain a large carrier 
mobility, by orienting specific surface of a 
poly-Si layer constituting a TFT which is a 
semiconductor device formed on an insulating 
substrate, such as a glass substrate, etc. 
SOLUTION: After a surface protective film is 
deposited on a glass substrate 1 by on atmospheric 
pressure CVD method while the substrate 1 is 
maintained at 480° C, poly-Si films 2, 3, and 4 
are obtained by receystallizing an LPCVD film by 
projecting ultraviolet pulse laser light using XeC 
as a gas source upon the LPCVD film from the upper 
surface of the protective film. When the intensity 
of the laser light is adjusted to >400 mj/cm2, the 
principal preferred orientation of the poly-Si 
film becomes (111). Then, after an Si02 film 
formed as the surfaqe protective film is removed a 
photoetching process is performed for forming the 

poly-Si films 2, 3, and 4 recrystallized by the laser light in island- like shapes, 
an Si02 film 5 for gate insulating film is deposited by the atmospheric pressure 
CVD method. Consequently, a thin film semiconductor device having large carrier 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The laser annealing approach characterized by considering as the polycrystalline silicon fihn 
which has the orientation which made {111} sides the subject for this semi-conductor layer by laser 
radiation in the thin film semiconductor device which has the semi-conductor film formed on the 
insulating substrate and this substrate. 

[Claim 2] The laser annealing approach characterized by considering as the polycrystalline silicon film 
with the orientation which made {111} sides the subject by forming the polycrystalline silicon film with 
a reduced pressure CVD method at the substrate temperature of 550 degrees C or less on an insulating 
substrate in the laser annealing approach according to claim 1, and carrying out laser radiation of this 
polycrystalline silicon film. 



[Translation done.] 
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DETAILED DESCRffTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laser annealing approach in thin film semiconductor 
device manufacture, especially relates to the suitable laser annealing approach for the display of an 
i active matrix. 

[0002] 

[Description of the Prior Art] In recent years, the polycrystalline silicon (Polycrystalline Silicon, 
omitting poly-Si) which is the point of high-definition-izing as a thin film transistor (Thin Film 
Transistor, omitting TFT) ingredient which is a thin film semiconductor device for active matrices, and 
is excellent is used. This Poly-Si film is created by the reduced pressure CVD method (LPCVD law) and 
the ordinary pressure CVD method (APCVD law). As an insulating substrate, quartz glass or the usual 
glass plate is used. Since there is big constraint of about 640 degrees C in a maximum temperature in 
case the usual glass plate is used, the method of recrystallizing by not having thermal effect on a glass 
plate, but carrying out laser radiation only of the surface layer of the Poly-Si film is tried. According to 
this approach, crystallinity is improving compared with low warm temperature annealing which does not 
affect a glass plate. 

[0003] The method of irradiating an ultraviolet radiation pulse laser with a big absorption coefficient by 
Si film like a publication as this laser radiation approach conventionally at JP,60-245124,A, and 
manufacturing a semiconductor device was examined. 
[0004] 

[Problem(s) to be Solved by the Invention] With the above-mentioned conventional technique, the 
carrier mobility when the stacking tendency of the crystal of the Poly-Si film which recrystallized 
although the TFT property was raised by raising crystallinity by laser radiation not being examined, but 
creating TFT may have been raised fiirther. 

[0005] The object of this invention is to obtain still bigger carrier mobility by taking into consideration 
the structure of the thin fihn semiconductor device for raising the property of a thin film semiconductor 
device, and the stacking tendency of the Poly-Si film especially used for the active layer of TFT. 
[0006] 

[Means for Solving the Problem] It is attained by giving the orientation which made {111} sides the 
subject for the Poly-Si layer which constitutes TFT which is the semiconductor device formed on 
insulating substrates, such as a glass substrate, in the above-mentioned object. 
[0007] This Poly-Si layer is 200 mJ/cm2 with Si film which deposited in thickness 1500A or less in 
temperature with a substrate temperature of 550 degrees C or less with the reduced pressure CVD 
method, and was deposited below 500 degrees C. With Si film deposited at 520-550 degrees C, they are 
400 mJ/cm2 above. It is obtained by irradiating a laser beam from a Poly-Si layer side by the above 
optical reinforcement. Moreover, when Si film deposited at 550 degrees C is thin-film-ized, at 
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J * 800-1 500A thickness, they are 400 mJ/cm2. At 600-800A thickness, they are 300 mJ/cm2 above. At 
thickness 600A or less, they are 200 mJ/cm2 above. It is obtained by irradiating a laser beam from a 
Poly-Si layer side by the above optical reinforcement. 

[0008] During Si crystal of each [ film / which recrystallized by laser radiation / Poly-Si ], it is few, an 
electronic trap is large to a grain boxmdary, and a defect is influenced. The phase-boundary-charge 
consistency of the grain boundary of Poly-Si is each crystal face of Si single crystal, and Si02. The same 
relation is materialized and the trap consistency of the film and a perpendicular direction (the <1 1 1> 
directions) serves as size compared with the Poly-Si film with which a stacking tendency is not seen by 
the Poly-Si film of {1 1 1} dominance orientation as a phase-boundary-charge consistency increases in 
order of <100>, <1 10>, and <1 1 1>. If as parallel as the film, the Poly-Si film of {1 1 1 } dominance 
orientation will show a low trap consistency reversely relatively compared with the Poly-Si film with 
which a stacking tendency is not seen. The depletion-layer width of face produced on the grain 
community where a trap consistency is low becomes narrow, and a potential barrier here becomes low. 
The carrier mobility of Poly-Si is decided mainly by the height of the potential failure in a grain 
boundary. The carrier of TFT flows to the Poly-Si film and a parallel direction. By the Poly-Si film of 
these conditions to {111} dominance orientation, the mobility of a carrier becomes large relatively 
compared with Poly-Si without a stacking tendency. 
[0009] 

[Embodiment of the Invention] The example of this invention is explained below. 
[0010] Drawing 1 shows the cross-section structure of the whole TFT which used this invention. A 
substrate 1 is a glass substrate with a distorted temperature of about 640 degrees C. A substrate 1 is kept 
. at 550 degrees C, and the LPCVD film is made to deposit on condition that pressure ITorr by using as a 
raw material the mono-silane gas diluted with helium to 20%. Assembly time makes the 1 500A film 
deposit in 85 minutes. Next, a substrate 1 is kept at 480 degrees C, and lOOOA of surface protective coats 
is made to deposit in about 8 minutes by ordinary pressure CVD by using as a raw material the 
mono-silane gas and oxygen which were diluted with helium to 4%. The LPCVD film is recrystallized 
by irradiating the ultraviolet radiation pulse laser (wavelength of 308nm, 25ns of pulse width) which 
made XeCl the source of gas from the top face of this film, and the Poly-Si film 2, 3, and 4 is obtained. 
At this time, it is laser beam reinforcement 400 mJ/cm2 The main orientation of the Poly-Si film turns 
into {111} dominance orientation by considering as the above, and the diameter of average crystal grain 
is about 1000 A. Next, Si02 used as a surface protective coat The water solution of fluoric acid removes 
the film. It is Si02 for gate dielectric film by the ordinary pressure CVD method after letting the process 
of photoetching which forms the Poly-Si film which recrystallized by laser radiation in the shape of an 
island pass. The film 5 is made to deposit. Next, 3500A of Poly-Si film 6 for gate electrodes is made to 
deposit on condition that 550 degrees C and ITorr. A phot and after sleeping together, IMPURA of the 
source and the drain fields 3 and 4 is performed for the gate film 5. Conditions are the dose of 
5xl015cm-2, and the electrical potential difference of 30KeV using Lynn (P), 5000A of passivation film 
8 which consists of phosphorus glass is made to deposit at 480 degrees C, and it is N2 further. They are 
heat treatment of 20 hours or more, or 200 mJ/cm2 at 600-degree C conditions inside. An in plastic field 
is activated by irradiating an ultraviolet radiation pulse laser by the above optical reinforcement. TFT is 
formed by carrying out 6000A spatter of the aluminum electrode 7 the phot for contact, and after a dirty 
stroke. 

[001 1] With a reduced pressure CVD method, drawing 2 makes substrate temperature 550 degrees C, 
deposits 1500A of Poly-Si, and is optical reinforcement from the Poly-Si side 100 - 400 mJ/cm2 It is 
made to change in between and change of the X diffraction reinforcement from each field at the time of 
irradiating an ultraviolet radiation pulse laser and making it recrystallize and the mobility of TFT created 
by the above-mentioned approach is shown. Although Si (1 1 1) diffraction peak with the strongest 
diffraction reinforcement is increasing in proportion to optical reinforcement above threshold energy 
(about 100 mJ/cm2), other Si (220) and Si (311) diffraction peak are optical on-the-strength 300 
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mJ/cm2. Augend becomes blunt above and a stacking tendency serves as {1 1 1} dominance orientation. 
300 nJ/cm2 used as {1 1 1 } dominance orientation Mobility is increasing rapidly by the above optical 
reinforcement. 

[0012] Next, the crystal stacking tendency of the Poly-Si film which irradiated the ultraviolet radiation 
pulse laser and recrystallized the surface protective coat deposition and after that like the backward 
above-mentioned publication which made deposition temperature at the time of depositing in which it is 
based on a reduced pressure CVD method 500-600 degrees C, and deposited the LPCVD film on 
drawing 3 is shown. In the LPCVD fihh deposited at the substrate temperature of 500 degrees C, they are . 
200 mJ/cm2. With Si fihn deposited at 520-550 degrees C, they are 400 mJ/cm2 above. {111} 
dominance orientation is not seen by Si film which became {111} dominance orientation by irradiating a 
laser beam by the above optical reinforcement, and was deposited at the substrate temperature of 580 
degrees C or more. 

[0013] Next, the crystal stacking tendency of the Poly-Si film which irradiated the ultraviolet radiation 
pulse laser to the backward above-mentioned publication which made substrate temperature at the time 
of depositing on drawing 4 with a reduced pressure CVD method 550 degrees C, shortened assembly 
time, and deposited the LPCVD film in 400-1 500A thickness deposition and after that, and recrystallized 
the surface protective coat similarly is shown. In 1500A of thickness, they are 400 mJ/cm2. At 800A, 
they are 300 mJ/cm2 above. At 600A and 400A, they are 200 mJ/cm2 above. It becomes {111} 
dominance orientation by irradiating a laser beam by the above optical reinforcement. 
[0014] The electrical property which the Poly-Si film which makes the main orientation {111} stated by 
this example has large mobility, is using this for the active region of TFT, and was excellent can be 
acquired. According to the above, even if the deposition conditions of the LPCVD film differ, the 
Poly-Si film of {1 1 1 } dominance orientation is obtained by optimizing the optical reinforcement of 
exposure ultraviolet radiation pulse laser Ught. 
[0015] 

[Effect of the Invention] According to this invention, a thin film semiconductor device with the large 
mobility of a carrier can be obtained. 
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